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Provide an overview
Summarize important issues with drinking water DBPs

Focus on emerging, unregulated DBPs

Identify gaps and where we need to go next to solve this lglelelgeTylt

problem
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, Some cause cancer
in laboratory ammals

= Recent concerns about possible
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L ROOK
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Irvestigations bave shows that haloforms are produced during chlotinarion of

Bustule substancas in nutars) waters. In view of pussible phyvlogicat effects 1t Iy
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1. INTRODUCTION
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author®, has been applied tw different types of surface waters fo: routine
qualify control of water y{; P plant. 7'
comprises storage, it d acti carbon addition
and coagulation, ﬂkmtmn, cascade seration and postehintination.
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3 weeks' storage of the river water, the redustion varying from
winger to ow in summer.

Interprecation of zho results has )vecr\ sonfused by the appearance of
water. These have
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“fingerprint’ of peaks on the chromatogtam that does not usually change
very much over long periods. Identification of the peaks requires the use
of a mass times alone not being
safﬁdm:}y characterisfic. Mass spuc'tromtiry “has conficmed, at jeast for
viver Rufne water, that the varisty of volatile micropollutants does nof vary
much from year to year, but thers are seasonal changes.
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and the cause of their formation. This meant teacing their origin in cither
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» Halomethanes » Nitrosamines

» Haloacids » Aldehydes
e Haloaldehydes » Ketones

« Haloketones = Carboxylic acids

» Halonitriles e Others
* Haloamides ~ v
_ ‘Holovlromethanes =~ =
_ Halofuranones (e.g., MX)
hali
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» Halomethanes » Nitrosamines
» Haloacids ehydes
« Haloaldehydes « Ketones

_* Haloketones . » Carboxylic acids
| » Halonitriles « Others

'« Haloamides '
| « Halonitromethanes |
Halofuranones (e.g., |




"Unknown 69.9%

HNMs 0.5%
EEER HACEs 0.5%
EEE HKs 0.9%

EEE HALDs 1.8%
@I HANSs 0.8%

HAAs 11.8%

Halofuranones 0.1%
odoTHMs 0.2%
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Bromate
Chlorite

EPA-R5-2017-008527_0000229



Total THMs
5 Haloacetic acids

Bromate
Chlorite
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Total THMs
5 Haloacetic acids
Bromate

Chlorite
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71 0-1ug/L
%;;*H m >1-5 ug/L
' m >5-25ug/L
T m >25-50ug/L B
- m>50ugl
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(shower, swimming (water, coffee, tea, (swimming pool,
pool, etc.) water-based food and bath, etc.)
beverages)




-

Can get 2X exposure from 10 min shower compared to drinking 2L
of tap water (inhalation)

Some DBPs dermally absorbed

Evidence of increased bladder cancer with swimming in indoor

pools (inhalation, dermal): Villanueva et al., Am. J. Epidemiol. 2007, 165,
148-156 -~ | . ‘ '
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Can get 2X exposure from 10 min shower compared to drinking 2L
of tap water (inhalation)

Some DBPs dermally absorbed

Evidence of increased bladder cancer with swimming in indoor

pools (inhalation, dermal): Villanueva et al., Am. J. Epidemiol. 2007, 165,
148-156.




Unlike other contaminants that may or may not be
present in drinking water...




,_,5 mtrosammes formaldehyde acetaldehyde benzyl chlonde chlorate
| bromochloromethane '




5 (lodo-THMs up to 15 ppb; iodo-acids
up to 1.7 ppb; both classes hlghly cytotoxic or genotox&c)
mcreased with « -
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- Also an LC/MS/MS method for 9 nitrosamines:

EPA-R5-2017-008527_0000229



* Prioritized >500 unregulated DBPs reported in literature (likely to
cause cancer)

» Measured these in waters across U.S.

» Important findings:

* New emerging DBPs identified (e.g., iodo-acids)

Alternatlve dlsmfectants mcreased formatlon of many pnonty
DBPS ' '
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Dibromonitromethane

Bromonitromethane
Tribromonitromethane 'y

MX (EMX) =
Bromoacetic Acid ) . |
Dibromoacetic Acid " !
Tribromoacetic Acid i |
Ethylmethanesulfonate |

Chloroacetic Acid [

Dichloroacetic Acid |

Trichloroacetic Acid |
Bromate /
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Average Median SCGE Tail Moment
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Control #10

Male Rat Liver DNA
Butanol Extracted
(0.32 *107)

Control # 70

Female Rat Liver DNA
Butanol Extracted
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l THM4 @ lodinated THMs

THM ( pgiL)
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Il
Be=C—=C(C==0H

H
lodoacetic acid Bromoiodoacetic acid

i
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fast fast fast

e H O I 2 mtz;&gg]uwﬁk l O 2- s I 03—

HOCI

iodate

HOI also has longer half-ife in
chloraminated waters
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Preliminary Data- CHO SCGE Assay
Comparison of IA, BA, and CA

Median SCGE Tail Moment

~ oo
Haloacetic Acid yM
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Cl——C—C —NH ‘ C'*C"*C —NHz

Chloroacetamide i Dichloroacetamide

Bromochloroacetamide @ Dibromoacetamide Trichloroacetamide

* New class of DBP recentiy identified
”- . Nationw:de DBP Occurrence Study up to 14 ug/L NHZCI




DBP Chemical Class

OtherDBPs
Haloacetamides
Haloacetonitriles
Halomethanes &
Halonitromethanesf
Halo Acids|
Haloacetic Acids
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Not Genotoxic: DCAA, TCAA,BDCAA, Dichloroacetamide

December 2006
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But, all of this toxicity testing is for
separate, individual DBPs...
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A collaborative effbrt between':

NHEERL (National Health and Environmental Effects
Research Laboratory), RTP

NERL (National Exposure Research Laboratory), Athens
NRMRL (National Risk Management Research

Laboratory), Cincinnati

NCEA (National Center for Env;ronmental Assessment)
‘ Cmcmnatl
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What about >50% unidentified DBPs that are
believed to be high molecular weight?
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» Pesticides

 Antibacterial agents
» Estrogens
_« Textile dyes




_ Tolylfluanide fungicide
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Iad de (ugfL) Sum lodaaac;nds Sum mda-THMs

- . {pg/L} (ugfL)
Plant 2 10 , 0. 37}; : - 4 s
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']‘Detecnon hmlt - o 13 ;Jg/L
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ICM m U S Irmkmg Water Sources (ng/L)

Iopamldol lomeprol Iopromlde Iohexol Diatrlzoate -

Plant 1 | ’61 ‘ ND ND ND ND

 Plant2 | - -{5@ o ND . 24 3B g3
. - - 0 5
- ‘Pﬁa nt im - mt:} . N Np B8 ND

 Plenti2 | 230 ND . ND 120 ND

_ Panii3s NDB NP ND ND ND

- = = = = ==

e ow . w6

~ ICM measured using LC/ESI-MS/MS; DLs = 5-20 ng/L

_Penite  ND ND | ND ND o

. i‘:;Courtesy of Thomas Ternes Federal Instltute of Hydrology, Germany
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ICM ln U S Drlnkmg Water Sources (ng/L)

Iopamldol Iomeprol Iopromlde lohexol Dlatrlzoate

<-.Pwm1z+>;:NassgerD=xvs;ND<fz:5NagifirNDF**-‘

- ICM measured using LC/ESI-MS/MS; DLs = 5-20 ng/L

_Penite  ND ND | ND ND o

. i‘:;Courtesy of Thomas Ternes Federal Instltute of Hydrology, Germany
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» Human health effects not solved yet—need more toxicity studies

» Studies on route of exposure
Have we been looking at the wrong route of exposure?

» DBPs are present as complex mixtures—need toxicity studies addressing
this

» What is in the unidentified fraction—anything of concern?

- ¢ What about pollutant DBPS’P
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Ex. 6 - Personal Privacy




For the other chemists in the audience:

Ever wonder what happens when’you have to
~ scale things up for toxicity testing?




Ex. 6 - Personal Privacy




